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SYNOPSIS 


'Hie  purpose  of  this  investigation  is  to  develop  a  method  of  placing 
a  strengthening  liner  on  the  walls  of  a  hole  made  by  a  mol©  plow  and  to 
determine  the  feasibility  cf  adapting  this  typo  of  drainage  to  airfield 
subgrades  and  shoulders,  both  as  an  aid  during  construction  and  as  a 
method  of  installing  permanent  subsurface  drainage  systems. 

A  mole  plow  with  provision  for  pumping  asphalt  and  cement  mixtures 
out  of  the  rear  was  constructed  and  used  in  a  largo  scale  test  box  filled 
with  a  fine  silt.  Tests  were  made  with  various  extruded  materials.  An 
investigation  was  made  ccr.curror.tly  to  determine*  the  possibility  of 
using  a  flexible  perforated  plastic  tubing  to  be  placed  by  a  cable  laying 
machine. 

Basic  conolusi  ns  determined  from  thses  tests  are  as  follows: 

a.  It  is  believed  that  some  type  of  mole  drainage  can  be 
adapted  as  an  economical  and  feasible  method  of  draining  airfield  sub- 
grades  r'ad  shoulders. 

b.  lUu  use  ;  f  stud  asphalt  mixture  as  a  liner  is  not  practical 
as  a  mixture  possessing  the  minimum  stability  requirements  cannot  be  made 
sufficiently  fluid  by  boating  tc  allow  pumping  by  tho  pressure  method. 

o.  Field  installations  of  strengthening  liner  of  portland 
cement  mixtures  in  tho  walls  of  a  molo  drain  by  uso  of  oithor  pressure 
grouting  or  cement  gun  is  believed  impractical  due  to  the  difficulty  in 
controlling  sorting  timo  or  maintaining  uniform  flow  and  the  uncertainty 
of  obtui  :ing  a  continuous  drain. 

d.  Direct  worm  foed  that  can  be  sychronizod  v/ith  plowing  speed 
is  boli*.  vod  to  be  the  practical  ncthod  for  extruding  a  per  eland  eemont 
misturo  tc  insure  a  continuous  drain. 
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o,  rlaci.i,j  a  perforated  plustic  tubing  by  a 
machine  appoars  tc  bo  a  promising  and  ooonomical  method 
the  -..'alls  cf  the  mole  hole* 
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cable  laying 
of  strengthening 


I.  INTRODUCTION 


1*  Authority .  The  Mole  Drainage  Investigation  was  initiated  by 
the  Office  of  the  Chief  of  Engineers  by  lottor  to  tho  Division  Engineer, 

Now  England  Division,  sub  loot*  "Mole  Drainage  Investigation",  dated  25 
April  19I46.  Approval  of  "Instructions  and  Outline,  Mole  Drainage  Investi¬ 
gation"  was  given  at  a  mooting  hold  in  tho  Office  of  the  Chief  of  Engine¬ 
ers,  7  August  194*6,  attended  by  roproserrtativos  of  the  Now  England  Divi¬ 
sion.  Final  authorization  and  allocation  of  funds  was  given  by  Directive 
Consecutive  N0.  7  A  2l*,875  of  12  August  1S4+6  from  the  Offico  of  the  Chief 
of  Engineers  to  tho  Division  Engineer,  Now  England  Division,  subjoot; 

"Funds  for  Invostional  Program  for  Pisoal  Year  19U7"« 

2,  Purpose.  Mole  drainage  as  used  in  agriculture  consists  of  towing 
a  specially  constructed  plow  through  the  aarth  to  make  a  hole  throe  or 
four  inches  in  diameter,  parallel  and  approximately  two  to  throe  foot 
below  the  ground  surface  with  a  narrow  slot  to  tho  ground  surfaco  cut  by 
the  vertical  blade  of  the  nlaw,  Tho  purpose  of  this  investigation  is  to 
develop  a  method  of  placing  a  strengthening  liner  on  the  walls  of  a  molo 
hole  and  to  determine  the  feasibility  of  adapting  this  type  of  drainago  to 
airfield  subgrades  and  shoulders,  both  as  an  aid  during  construction  and 
as  a  method  of  installing  permanent  subsurface  drainage  systems. 

3 •  Scopj .  To  accomplish  che  purpose  as  stated  a  mole  plow  and  a 
large  scale  laboratory  test  box  were  constructed*  A  fine  silt  was  placed 
in  tho  tost  box  and  the  mole  plow  was  used  to  make  mole  drains  in  the 
silt.  The  holes  formed  wore  left  with  plain  earth  walls  and  attempts  were 
also  made  to  strengthen  the  walls  by  extruding  asphalt  and  port land  cement 
grout  out  of  the  re  r  of  the  plow.  Observations  wore  .made  on  the  various 
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mole  drains  thus  constructed.  An  investigation  is  also  being  made  con¬ 
currently  to  determine  the  possibility  of  using  a  flexible  perforated 
plastio  tubing  to  bo  placed  by  a  cable  laying  machine*  All  available 
literature  was  reviewed  for  possible  application  to  tho  problem* 

U*  Definition  of  Terms*  Tho  terms  at  used  in  this  investigation  aro 
defined  as  follows* 

a.  jlblo  Drainage  is  the  collection  and  carrying  away  of  sub- 
surfaco  water  in  an  underground  channel  whioh  has  been  formed  by  a  mole 
plow. 

b.  Mole  Plow  is  a  machine  with  a  cartridge  crracle  at  tho  base 
of  a  vertical  blade,  which  is  pulled  through  the  soil  so  as  to  form  a 
channel  from  three  to  six  inches  in  diameter  at  a  depth  of  one  to  four 
foot  below  the  ground  surface. 

o.  Tost  Box  is  a  wooden  bex  four  foot  deop,  five  feot  wide  and 
two lve  feet  long  with  provisions  at  each  ond  for  inserting  and  withdrawing 
a  mole  plow  and  facilities  for  applying  surface  loads  and  oponing  the  box 
for  examination  of  tho  mole  drain. 

5 •  Historical  Bac kground . 

a.  Mole  Drains,  riole  drainage  has  been  used  oxtonsivoly  in 
Europo  and  Now  Zealand  as  a  means  of  both  subsurfaoe  and  surfaoo  drainago, 
and  there  have  boon  good  results  with  it  in  a  few  places  in  this  country, 
mostly  in  the  heavy  agricultural  soils  along  tho  Gulf  of  IvLxico,  particular¬ 
ly  in  Florida  end  Louisiana  vd.c ro  molo  drains  have  romainoa  in  satisfactory 
operation  for  periods  of  as  long  as  15  years. 

The  United  States  Sugar  Corporation  employs  mole  drainago 
to  quite  an  extensive  degree  in  tho  muoklnnd  areas  of  thoir  plantations. 

This  has  been  quite  satisfactory  in  thoir  farm  land  drainago,  both  as  to 


effectiveness  and  durability.  Commonly,  moles  in  muck  lands  are  effective 
for  several  years,  Plato  1  shows  tho  mole  plows  used.  H,  A.  Bestcr  of 
that  company  said.  ’’This  method  is  particularly  adaptable  to  our  muck 
type  soil  and  is  superior  to  any  type  of  tile  drain,  I  believe  it  could 
bo  successfully  applied  to  other  soil  types  such  as  gumbo  or  loams  under 
favorable  conditions  and  proper  power." 

Plate  2  shows  a  nolo  plow  developed  by  the  Division  of 
Agricultural  Extension,  State  College,  Penna.  Flate  J  shows  a  molo  plow 
as  manufactured  oonur,c rcial ly  in  tho  United  States  and  Plato  b  shews  some 
molo  drains  made  by  this  equipment, 

Reports  of  various  demonstrations  and  experiments  with 
molo  drains,  mostly  in  England,  are  given  in  several  of  tho  articles 
listed  in  the  bibliography.  Prom  these  reports  tho  following  conclusions 
may  be  drawn: 

(1)  Heavy  silt  and  clay  soils  are  usually  suitable  for 
mole  drainage  but  wr.  k.  a.  g.  Johnson,  Deputy  Chief  Drainage  Engineer  of 
the  Ministry  of  Agriculture  and  fisheries,  England,  states  that  tho 
physical  characteristics  of  tho  clay  aro  not  an  adequate  guide  to  deter¬ 
mine  tho  suitability  of  the  method  for  any  particular  location,  Molo 
drainage  frequently  fails  in  one  day  and  is  successful  in  another  clay 
whoro  tho  physical  analysis  of  the  two  clays  shows  no  appreciable  dif¬ 
ferences  in  tho  characteristics.  In  a  few  oases,  mole  drains  in  friable 
soils  have  boon  successful.  In  friablo  soils  moro  slope  is  required  to 
prevent  water  standing  in  tho  mole  drain  vfhioh  would  tend  to  mako  tho  walls 
fall  in, 

(2)  The  best  time  to  place  mole  drains  is  from  October  to 
May  when  the  land  i.  Ihirly  wot.  The  resistance  to  the  plow  at  that  time 
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is  not  high  and  tho  slit  made  by  the  vortical  blado  will  seal  up  quickly. 

If  a  hot  dry  period  fallows  the  piaoing  of  mole  drains  tho  slit  will  not 
close  and  tho  drain  is  apt  tc  silt  up  during  tho  noxt  rain. 

(3)  If  plowing  is  done  in  moist  soil  tho  sides  '-f  the  mole 
drain  are  smooth,  but  in  dry  soil  the  sides  fray  and  load  to  deterioration, 
(1+)  Drains  drawn  uphill  clear  tho  water  at  a  greater  rate 
anu  silt  up  loss  quickly  than  do  drains  drawn  downhill, 

(5)  For  effective  drainage  the  channels  should  be  spaoed 
from  10  to  25  foot  apart  being  closer  together  in  the  hoavicr  soils. 

(6}  The  placing  of  permanent  main  drains  and  the  placing 
of  pipes  at  the  cutlet  of  the  mole  drains  to  prevent  clogging  are  im¬ 
portant. 

(7)  tiolo  drains  usually  give  an  average  of  from  throe  to 
ten  years  of  satisfactory  servico  before  it  becomes  necessary  to  plow  now 
channels . 

b,  Alternatives  to  Mole  Drainago.  In  erdor  to  oxtend  tho 
useful  life  of  tho  drains  and  also  to  make  them  usoful  in  all  fine  grainod 
soils,  various  methods  of  pulling  tile,  wooden  boxes,  and  metal  tubing  in 
behind  the  plow  hr.vo  been  used  to  seme  extent  in  Europe.  According  to  Mr. 
Johnson,  an  economical  suitable  method  docs  not  appear  to  have  boon 
develcpod  yet.  Some  of  tho  mothods  are  described  below, 

(1)  A  Scottish  firm  usod  a  mole  plow  with  two  vertical 
blados  and  e  .rtrid.-es  muuntod  on  tho  frame,  one  a  little  behind  tho  other. 
Tho  roar  oartriego  was  slightly  larger  than  the  front  one  and  to  it  a  wire 
cable  was  attached  on  such  a  way  that  it  would  be  detached  by  ’withdrawing 
a  pin  in  tho  blade  above  ground  levol.  Twelve  tiles  wuro  threaded  on  the 
wire  cable,  una  u  that  point  the  cable  had  a  collapsible  clip  which  was 
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opened  and  fitted  ivorthc  end  of  the  last  tile*  Then  a  further  length 
of  cable  was  connected  by  means  of  a  link  and  twelve  moro  tilns  were 
threaded  and  another  clip  fitted.  Tho  maximum  pressure  that  t ho  tiles  woro 
subjootod  to  was  thus  never  mere  than  that  necessary  to  push  twelve  of 
thorn  along  tho  hole  formed  by  the  mole  plow,  Tho  oollopsible  clips  wore 
so  designed  that  a  forward  pull  oausod  them  to  grip  and  push  forward  tho 
tiles  ahead  of  thorn,  while  a  backward  pull  causod  the  clips  tc  oollapso. 

Tho  tilos  were  drawn  into  tho  mole  hole  down  a  wooden  slipway  which  insured 
alignment .  At  the  end  of  the  run  the  pin  was  withdrawn  on  tho  roar  blade 
of  the  molo  plow  and  the  cablo  drawn  backwards  to  the  starting  point. 

The  separation  of  the  tile  laying  blade  and  cartridge  from  the  mole- 
draining  blade  and  cartridge  proper  allowed  any  obstruction  hit  by  the 
latter  to  bo  romovod  without  disconnecting  the  train  cf  tilos.  The  nolo 
plow  was  about  l£  inches  largor  in  outside  diomotor  than  tho  tilos, 

(2)  Another  method  known  as  tho  wbppolsdorf  drainage 
system  was  quite  similar  to  the  Scottish  method  but  had  a  special  fouturo* 

Tho  wiro  cable  by  which  tho  tiles  v/ero  drawn  into  the  mclo  drain  had  attaohod 
to  it  a  series  cf  sheet-iron  og"  shaped  spacers  which  oxactly  fitted  the 
inside  ~f  the  tiles.  The  cable  end  spacors  were  throadod  through  the  tilos 
•vith  tho  aid  of  a  long  wire  noodle  and  the  tiles  sc  threaded  wore  laid 
out  in  lengths  if  100  ft,  in  parallol  V-shaped  woodon  chnnnols,  The 
channels  and  spucors  insured  correct  alignment  cf  the  tiles,  a  dotach- 
ablo  disk  was  f'u3ter»d  to  tho  cable  after  tho  last  tilo.  The  cable  was 
attached  to  an  expander  which  was  larger  than  the  tilos  and  this  was 
hinged  to  the  r-.ur  end  tho  cartridge  cf  a  mole  plow.  The  tilos  wore 
d.Mwn  by  thu  mole  plow  from  the  wooden  channels  down  a  si.. ping  trench  into 
the  mde  drains  and  as  the  last  tilo  entered  the  rn^le  hole,  the  disk  was 
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roraovod  and  u  further  100  ft.  length  of  cable  carrying  tilos  was  connected 
by  a  special  link  which  was  outwardly  tho  sane  si  so  and  shone  as  the  spaoors 
already  montit nod.  Tho  disk  was  rcattaohod  to  tho  end  of  tho  last  tilo. 

The  detachment  of  the  cablo  from  tho  expander  at  tho  end  of  tho  run  was 
rather  ingenious.  Tho  blade  and  cartridge  was  raised  to  the  ground  level 
by  gearing  or  other  device  on  the  mole  plow.  The  expander  followed  the 
cartridge  and  this  inclination  automatically  dotaohed  the  oablo  as  shown 
in  Plate  5*  The  oablo  was  withdrawn  leaving  a  plug  in  the  mouth  of  the 
first  tilo.  It  was  pulled  baok  to  the  starting  point  by  a  hand  or  horso 
oporatod  windlass.  In  this  way  lengths  of  LfiO  feet  of  tilo  drains  have 
boon  suocossfuliy  laid.  In  some  operations  where  this  method  was  usod  it 
was  f,und  that  a  very  rapid  contraction  of  the  mole  drain  took  place  ne¬ 
cessitating  a  considerable  difference  in  site  betwoon  oxpandcr  and  tiles, 
Undor  Gorman  conditions  the  cost  of  this  method  was  hbcut  5 0  per  cont  that 
of  drains  laid  by  hand  labor,  regular  molo  drains  go  without  tilo 

could  be  put  in  at  only  20  per  cent  of  the  oost  of  hand  laid  tile, 

(3)  Dr.  Janort  cf  tho  Department  of  Agriculture,  Licpsig 
University,  Go  many,  dovisod  a  machine  for  laying  a  continuous  length  of 
concrete  pipe,  which  ho  doscribod  in  England  in  1935*  I*  consisted  of  a 
mole  plow  sc  designed  as  to  Ibm  a  porous  concrete  pipe  along  tho  walls 
of  the  a^le  hole  ;  rmed  by  the  curtridgo.  The  essential  featuro  of  tho 
machine  was  that  a  mixture  was  fed  to  the  nclo  drain  in  a  dry  state  and 
this  w^s  then  wotted  from  th~  insico  by  water  supplied  from  a  porous  stono 
tail  attached  tc  tn-.  roar  of  the  cartridge.  Smearing  of  the  wails  was 
avoided  and  thv  pipe  rotuiixi  its  pornr  ability.  This  was  contrvilod  to 
rn.  •  o  vXt;  .n  by  varyir^  the  proportions  of  cement  and  Sell  in  -  no  mixTuro. 
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Prom  a  hopper  at  the  top  of  the  mole  plcnr  blade  the  mixture  was  fed  down  a 
tubo  attaohod  to  the  back  of  the  blade  to  a  point  behind  one  cartridge. 

Here  there  v/as  a  hollow  couical  plug  which  forced  the  mixture  into  the 
annular  space  between  the  plug  and  the  wall*  of  the  mole  hole.  Water  was 
supplied  from  a  tank  on  the  hopper  throuth  a  tubo  running  down  inside  tho 
blado  to  the  inside  of  the  pipe  through  a  ping  of  artificial  pumice  in 
the  hollow  plug.  This  water  thus  supplied  the  mixture  with  onoupfr  rigidity 
to  stay  in  plaoe  nv'le  it  absorbed  oufficiont  moisture  from  tho  surrounding 
soil  to  sot  hard. 

It  was  requested  that  tho  United  States  iumy  Occupation 
Fbrcos  attenpt  to  obtain  further  details  on  tills  method  and  this  inform* 
tion  lias  just  boon  rocoivod.  Dr.  Vormfcldoi  tho  inventor  of  tho  abppels- 
dorf  ILthod  of  ^lo  Drainage  has  boon  dead  for  the  past  throe  years. 
However,  his  formir  assistunt  Dr.  Donokor,  professor  cf  agriculture  at 
tho  University  of  Bonn,  Germany  was  irtorviowod  on  26  Fbbruary  19^7.  He 
stated  that  r-aults  of  field  experiments  proved  that  in  wot  soil,  the  ocn- 
orcte  wi.uld  net  dry  end  thus  oavu  in  under  surface  load.  Field  experiments 
conducted  it  u  later  date  proved  that  tho  systoa  Could  bo  used  in  sand  or 
dry  terrain  Icr  irrigation  purposes  and  that  the  system  was  then  ohan^ed 
from  a  drainage  system  to  a  method  of  irrigation.  Fr  a  all  information 
gathered  from  Dr,  Donotaor,  tho  above  system  is  not  in  the  least  n  practi- 
o'.l  nor  an  efficient  means  of  land  druinago. 

(U)  .Koion  drains  with  a  square  cress  section  nn.de  out  of 
long  butte.*  ins  v»  also  been  pulled  into  tho  me  lo  holo  fcenird  tho  plow. 

The  oert ridge  v;_s  s,v.re  tapered  down  to  a  hcritcr.^al  knife  edge  at 
the  f\.rw:.rd  o.ti.  Ire,  bex  drain  fittvd  into  a  hollow  notal  be x  which  was 


(5)  Mole  drains  have  also  boon  reinforced  by  mild  stool 
tubing#  This  method,  perfected  by  Dr.  Eans  Sadi,  according  to  Dr,  Doncker 
is  by  far  the  most  practical  and  officiant  moans  of  land  drainago,  Cold 
mild  stool  in  tho  form  of  a  flat  strip  6-3/8  inches  wide  and  1/^2  inch 
thick  v;as  fed  from  a  drum  through  rcllors  and  dios  by  which  it  was  formed 
into  a  tube.  The  tube  was  eval  in  socticn  and  tho  longitudinal  odges 
coula  ho  made  to  overlap  slightly  or  loft  with  a  small  gap  between  thorn. 

Tho  metal  cculd  also  be  perforated  if  roquirod.  Tho  forming  machine  in  which 
this  operation  took  p>lacc  remained  stationary  at  the  lower  ond  cf  the  drain. 
The  tuba  was  drawn  into  tho  mole  drain  by  tho  nolo  plow,  the  cartridge  of 
v/hi oh  had  an  expanding  cone  at  tho  roar  end.  This  covered  a  special  chuck 
by  means  of  v/hi  eh  tho  metal  tube  was  attachod  to  the  cartridge.  The  metal 
tubo  could  bo  detached  from  tho  chuck  at  the  end  of  the  run  by  tripping  a 
lover  on  tho  blade  „f  tho  nolo  plow  above1  the  ground,  Tho  metal  used  was 
particularly  resistant  to  corrosion  and  was  covered  with  a  high  grade  of 
Japanese  varnish,  Tho  oxpunding  c ...  no  was  four  inches  in  diamotcr  and 
the  metal  tube  two  inches  in  diamotor.  This  was  regarded  as  equivalent  to 
a  larger  tile  main  by  reason  of  the  smoother  surface  of  the  metal  tubo 
and  avoidance  of  any  irregularities .  The  depth  of  tho  cartridge  cculd  be 
varied  by  hydraulic  pressure,  which  was  supplied  either  by  hand  pump  when 
the  mole  plow  was  stationary  or  by  a  pump  driven  by  the  front  axle  of  tho 
mole  plow  when  it  was  moving.  The  drain  cculd  be  laid  at  fixed  grade 
irrespective  of  ir regularities  of  tho  ground  by  moans  of  an  optical 
device.  Tile  makers  of  the  device  (Rud,  Sack,  Leipzig,  Germany)  claim  that 
1200  co  l^OO  yards  cf  drain  car.  bo  lain  per  day  with  a  $0  -  60  H.  ?. 
tract,  r  a.:d  a  c rev:  ef  five  or  six  men.  The  costs  are  claimed  to  represent 
a  saving  cf  UO  to  20  pc r  cunt  on  draining  by  hand  labor  in  Germany.  Tho 


nolo  plow  used  in  this  method  oan  also  be  used  for  laying  cable  inside  the 
metal  tubing  and  for  laying  tiles  fy  the  ^oppelfcdorf  method. 

A  photostat  copy  of  a  German  book  describing  this  method 
has  just  been  received.  It  will  be  translated  and  any  information  of  in¬ 
terest  will  be  included  in  ths  final  report. 

(6)  In  a  Danish  method,  the  blade  of  the  mole  plow  was  in 
the  form  of  a  hollow  tube  elongated  horisontally  in  section.  To  the  front 
of  this  was  welded  a  steel  knife  edge  or  alternatively  two  knife  edges. 

The  blado  had  no  cartridge  at  the  bottom  but  a  hole  cut  at  an  angle  to  the 
vertical.  The  blade  could  be  rotated  in  a  vertical  plane  by  means  of  a 
horizontal  screw  adjustment,  and  in  this  way  the  depth  of  working  was  re¬ 
gulated.  The  blade  carried  a  hoppext  at  the  upper  end  and  fine  gravel  was 
fed  from  this  down  the  blade.  The  blade  thus  made  a  slit  in  the  ground  on 
tho  bottom  of  which  sovoral  inches  of  the  gravel  wore  dopositod.  This  was 
covered  by  loose  soil  which  foil  in  on  top  of  tho  gravel,  "ith  a  single 
knife  edge  the  blaoe  which  was  1-g-  inches  thick  made  a  slit  by  compression; 
with  two  knife  edges  a  wider  slit  was  made  by  excavating  the  soil,  which 
slid  up  the  inclined  blade  to  the  surfaco.  Tho  drain  was  startod  at  tho 
opposite  end  from  the  outlet  und  with  the  blado  at  the  minimum  desired 
depth.  As  tho  mole  plow  moved  forward,  tho  depth  was  increased  by  means 
of  a  screw  ad. jus tme  r.  until  the  blade  was  vortical  whe n  tho  outlet  end  of 
thu  drain  ?/as  reached.  This  insured  a  fall  in  level  ground  and  also  an  in¬ 
creasing  depth  cf  gravel  as  the  drain  approached  its  outlet.  Tho  maximum 
depth  of  gravel  was  about  seven  to  eight  inches.  A  later  development  was 
the  laying  of  a  scrip  of  asphalt,  paper,  which  was  fed  down  behind  the  blade 
on  top  rf  the  deposited  gravel  to  prevent  tho  introduction  of  loose  soil 
into  the  drain. 
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0 •  Cable  Laying  Plows,  Another  method  which  shows  promise  of 

development  consists  of  strengthening  the  walls  of  a  mole  hole  by  feeding 
a  perforated  flexible  plastic  tubing  from  a  reel  down  the  vertical  blade 
and  out  the  rear  of  the  plow  while  it  is  being  drawn  through  the  soil. 

For  this  method,  a  machine  similar  to  a  cable  laying  device  can  be  used, 
i-lates  6  to  8  illustrate  a  simple  oable  laying  device  that  was  developed 
by  the  .»ood  Electrical  Construction  Company,  contractor  for  tho  Runway 
Contact  Lighting  System,  Standifora  Field,  Louisville,  Ky. ,  for  tho 
Louisville  District,  Corps  of  Engineers,  VJar  Department.  The  cable  laying 
plows  used  by  the  American  Telephone  and  Telegraph  Company  would  accommodate 
larger  diameter  tubing  and  be  more  suitable  as  the  depth  at  which  the  tubing 
can  be  laid  is  greater  and  can  also  be  varied. 

The  C-48  plow,  rlatc  9*  is  designed  to  lay  one  or  two  cables 

with  maximum  outside  diamators  of  2.5  inches.  The  depth  of  placing  can 

bo  set  to  any  desired  depth  up  to  U  foet  before  commencing  to  plow.  A 

cut  away  viuv:  of  tho  plow  share  showing  tho  way  the  cables  pass  through  tho 

vertical  blade  is  given  in  Plato  10.  A  pit  must  bo  dug  before  tho  cablo 

placing  is  started.  Tho  plow  share  is  then  loworcd  into  tho  pit  to  tho 

desired  depth  as  shown  in  .lato  10.  Usually  a  pit  at  least  3  feet  deep  is 

repaired.  It  is  estimated  from  other  data  on  mole  drainago  that  tho 

drawbar  pu.il  Per  a  C-!p3  plow  in  tho  typo  of  soil  being  considered  would  bo 

approximate ly  15,000  lbs.  One  heavy  tractor  would  thus  be  sufficient  for 
» 

normal  placing  of  perforated  plastic  tubing. 

A’ho  C-60  plow,  Flatos  11  and  12,  is  designated  to  lay  a 
cable  u  a  muximum  depth  of  5  feet.  Tho  plow  is  hydraulically  controllod 
and  tho  depths  at  whicn  the  cable  is  placed  can  be  oh&ngcd  as  desired  while 
moving,  continuously  if  necessary,  and  therefore,  a  staked  grade  lino  oan 
be  f  -  Hewed  oven  if  tho  ground  surface  is  very  uneven.  These  controls  arc 
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locatod  on  a  trailer  behind  tho  plow  so  that  operations  aro  possible  oven 
if  tho  tractor  is  detached, 

11  LABORATORY  INVESTIGATION 
6,  Description  of  Test  Box  and  Accessories. 

a.  Tost  Box,  A  te3t  box  with  inside  dime: sions  of  twelve  feet 
in  length,  five  feet  in  width  and  four  feet  in  depth  was  constructed  of 
wood  as  shown  on  Plates.  13  and  l!+.  This  tost  box  was  made  with  two  ro- 
movablo  channels  attaohod  longitudinally  on  top  of  tho  box,  Tho  vortical 
snaft  of  the  test  plow  was  supportod  and  guided  by  these  channels  as  the 
plow  was  drawn  through  the  box.  It  was  possible  tc  install  the  channels* 
at  oighor  one  of  three  positions  over  tho  top  of  the  tost  box.  Since  the 
plow  can  bo  used  at  two  depths,  a  maximum  of  six  tests  can  be  mado  before 
the  test  material  need  bo  removed  and  replaced.  Bo low  each  of  the  thres 
channel  positions  an  opening  in  the  ends  of  the  box  was  constructed  which 
could  be  sealed  during  saturation  and  just  previous  to  the  tost  run  tho 
doors  on  oighor  end  of  tho  box  wore  removed  to  allow  tho  plow  to  pass  through 
the  soil.  In  order  to  inspect  tost  drains  without  tho  necessity  of  removing 
tho  soil,  tho  box  was  built  in  two  sections,  one  ui  which  wan  placed  on 
skids,  thus  permitting  separating  the  box  at  the  midpo.’n*  of  the  long  tuxe» 
Four  sets  of  guides  for  two  $/l6  inch  plates  wore  provided  on  tho  sides  of 
tho  tost  box  next  to  this  joint.  The  two  plates  wero  inserted  into  the 
guides,  after  constructing  a  drain,  and  jacked  vertically  downward  through 
the  soli  to  a  point  just  abovo  tho  drain  +0  bo  inspected.  Those  platee 
held  tho  soil  in  place  while  the  box  wos  .  .paratod  for  inspection  of  the 
test  dram.  Tho  plow  was  drawn  through  the  tost  box  with  a  portahlo 
electric  ./inch  by  means  of  a  block  and  tackle. 
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b.  Dynagyraotor.  h  dynamometer  was  constructed  from  throe 
coil  springe  and  was  placed  it.  " To  drawing  line  to  measure  the  drawbar 
pull  required  to  pull  'he  slow  through  tho  tost  material.  Plato  18 
shows  details  of'  the  dynamrrat  ter  and  a  photograph  is  shown  on  Plate  19* 
0oading3  wore  ma'c  by  recording  the  difference  votwecn  two  points  on  the 
end  plates.  Tho  device  was  calibrated  in  a  compression  machine.  It  was 
determined  that  a  deflection  cf  j>/fc  inch  was  produoed  by  a  load  of  1,000 
pounds 4  This  relationship  remained  constant  up  to  a  total  load  of  9*000 
pounds . 

c.  Test  Pipe .  In  order  that  tho  pumping  of  injection  materials 
could  be  observed  visually,  an  upparatus  through  which  tho  plow  could  bo 
drawn,  was  made  to  simulate  tho  walls  of  the  drain.  This  apparatus  con¬ 
sist  jd  or  four  inch  standard  pipe  with  a  two  inoh  longitudinal  strip  re¬ 
moved  for  its  full  length,  Tho  pipe  was  attached  to  three  timber  supports 
which  wore  bolted  to  tho  floor.  Details  aro  shown  on  flute  20.  The  plow 
was  placed  in  u  temporary  wood  frame  with  casters  attached  for  mobility. 

The  plow  was  adjusted  in  the  fromc  by  moans  of  wodgos  to  fit  into  the  four 
inch  slotted  pipe  and  it  was  pushed  througn  tho  pipe  as  injection  materials 
were  pumped  out  tho  roar  of  the  plow.  Details  and  a  photograph  of  the  plow 
frame  are  shown  on  Piatos  19  and  20, 

7.  Description  of  Tost  Plow.  Dotail  drawings  of  the  test  plow  aro 
shown  on  Plato  21.  Tho  vertical  shaft  of  tho  plow  is  a  "built  un"  section 
consisting  of  three  vortical  one  inoh  by  two  inch  steel  burs  trith  l/k  inoh 
piatos  welded  to  tho  sides,  Tho  stool  bars  aro  spaced  so  as  to  give  two 
vertical  rectangular  ohunnels  from  top  to  bottom,  tho  dimensions  boing  1 
inch  wide  by 2  inches  long  and  1  inch  wide  by  1  l/8  inches  long.  The  top 
of'  the  shaft  was  fitted  -with  one  inch  nippies  ever  each  channel  opening. 


The  fVonfc  1  inch  by  1  i/3  inch  vertical  channel  was  provided  fbr  future 
development  of  the  plow  for  a  possiblo  worm  food  mo  chart!  sh  or  wator  supply 
line.  Tho  roar  on©  inch  by  two  inch  channel  was  utilizod  to  food  injoction 
materials  down  to  tho  molo  in  order  to  plaoe  a  strengthordng  liner  on  tho 
walls  of  tho  drains  made  by  the  mole.  Tho  j*r>io  was  maeo  by  a  section  of 
standard  3  l/2  inch  pipe  welded  horizontally  at  tho  lower  end  of  the  vorti¬ 
cal  shaft.  Tho  front  of  the  mole  was  cut  on  a  bevel  and  a  steel  plate 
welded  to  it  to  form  a  cutting  surface,  a  bevel  front  of  this  typo  is 
commonly  used  on  agricultural  mole  plows  to  produce  a  downward  component, 
thus  preventing  the  plow  from  riding  up  out  of  tho  soil.  Openings  in  the 
top  of  the  pipe  wore  provided  to  coincide  with  the  vortical  channels  through 
tho  shaft.  Braced  and  weldod  to  the  top  rear  end  of  the  3  l/2  inch  molo 
was  -  segment  of  a  i*  inch  pipe  two  inches  wide  and  28  inches  long  designed 
to  provide  a  temporary  form  for  injection  materials  at  the  top  of  tho  drain 
whore  the  soil  had.  been  displaced  by  th#  vortical  plow  shaft.  The  plow  was 
fitted  with  a  removable  frtvmo  which  could  bo  placed  at  two  locations  on 
tho  vortical  shaft  tc  allow  constructing  drains  with  invert  depths  of 
either  two  feet  or  throo  feet.  This  frame  was  mado  basioally  of  2  inch 
by  2  inch  angles  which  provided  running  surfaces  for  the  plow  on  the 
channels  of  tho  test  box  as  the  plow  was  drawn  through  tho  box, 

8.  Description  of  Test  Flow  Tail  Assemblies. 

asphalt  Tail  Assembly.  Tho  plow  was  constructed  origin¬ 
ally  with  a  tail  assembly  intended  for  uso  ifrith  asphalt.  It  was  later  used 
for  portland  cement  mixtures  as  well  as  asphalt.  Construction  details  of 
the  tail  attached  to  tno  mole  plow  aro  shown  on  Plato  21  and  photographs 
are  shown  on  Plato  23*  This  tail  was  constructed  of  a  piooo  of  3  1/2 
inch  standard  pipe  rt  to  fit  the  roar  of  the  plow,  Within  this  pipe 
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machined  insert  v  s  made  with  an  open  ohannel  which  connected  to  the  one 
inch  by  two  inch  vertical  ope  rang  in  the  plow  shaft.  The  injection  materi¬ 
al  which  was  pumped  through  the  plow  shaft  passed  through  this  channel  and 
was  forced  into  an  annular  space  around  a  bullet  shaped  tail  supported  by 
three  l/8  inch  fins  in  the  rear  cf  the  pipe  section*  A  four  foot  length  of 
three  inch  Shelby  tubing  was  welded  to  the  rear  cf  this  machined  bullet 
section  for  the  purpose  of  providing  initial  support  to  the  inside  of  the 
drain  pipe* 

b.  Alternate  Tail  Assembly  Mo*  1,  This  tail  was  designed  to 
Hmction  on  the  same  theory  as  that  used  in  the  patented  ,sTate”  process 
which  is  used  to  place  a  concroto  liner  inside  of  existing  metal  pipe 
linos.  In  this  process  two  five  foot  lengths  of  pipe  are  removed  from  the 
pipe  line  at  distances  averaging  350  feet  apart.  A  cable  is  threaded 
through  the  section  cf  pipe  selected  and  cleaners,  brushes,  and  plungers 
are  drawn  through  the  pipe  by  means  of  paver  winches,  a  mixture  of  two 
parts  of  specially  so  looted  and  graded  sand,  and  one  part  of  pcrtland 
cement  is  mixed  with  water  to  give  a  slump  of  eight  to  8  inches. 

A  quantity  cf  this  mixture  is  fud  by  gravity  into  the  pipe  line  and  tho 
M!afcc"  lining,  machine,  consisting  cf  a  bullet  shaped  mandrel  with  a  per¬ 
forated  sheet  ntstul  tail  flared  out  to  a  diameter  slightly  smaller  than 
the  insiue  ef  the  pipo,  is  pul' .d  through  behind  the  plug  of  cement,  Tho 
cement  is  forced  out  tho  annular  space  between  the  tail  of  tho  machine  aid 
the  pipe  and  plastered  to  tho  wall  of  tho  pipe  with  a  pressure  equal  to 
approximately  1J0  lbs  per  square  inch.  Excess  water  is  squeezed  ut  cf 
the  mixture  through  tho  small  perforations  in  the  tail  and  flows  along  the 
pipe  invert.  Thu  problem  of  lining  molo  drains  is  quite  similar  to  lining 
mutol  pipo  and  therefore  tho  tail  assembly  was  construe  tod  similar  to  tho 
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"Tato”  lining  maohino.  This  tail,  shewn  on  Plates  21  and  2bt  was  attachod 
approximately  four  inches  behind  the  opening  of  the  ve’-tical  one  inch  by 
two  inch  channel. 

c.  Alternate  Tail  Assembly  No.  2 »  It  was  boliorod  that  there 
would  bo  a  problem  of  relieving  tho  oxcoss  air  which  would  accompany  tho 
extrusion  of  portland  cement  mixtures  which  were  pumped  by  air  pressure, 
especially  when  a  cement  gun  was  used.  Therefore,  tho  Tail  Alternate  Nc,  1 
was  modified  by  removing  tho  bullet  nose  and  replacing  it  with  a  section 
of  a  well  point  ivith  a  fine  mesh  scroon  which  would  allow  tho  air  trapped 
in  tho  aggregate  to  escape  through  tho  well  point  and  out  either  through 
tho  completed  pipo  or  up  to  tho  surfaco  through  the  front  1  inch  ej  1  1/8 
inch  vortical  channel.  Dotails  and  photographs  are  shown  on  Plates  21  and 

2b. 

d.  Alternate  Tail  Assembly  No.  3»  This  assembly  is  a  further 
modification  of  Alternate  No.  1  (See  Plates  22  and  25).  A  l/2  inch  round 
rod  attached  to  the  front  era  of  tho  tail  was  provided  to  allow  tho  tail 
to  follow  thw  plow  at  a  greater  distance  than  tho  original  design.  Two 
taporod  cylindrical  slooves  wero  attached  to  cantor  the  tail  within  tho 
drain.  The  connection  to  the  back  of  the  plow  was  made  semi-rigid  to 
prevent  rotation  cf  tho  tail  in  order  that  the  skid  would  out  a  long¬ 
itudinal  slot  in  the  bottom  of  tho  drain  t.  allow  entrance  cf  water  into 
the  drain. 

c.  .•J.t^rnato  Tail  Assembly  Nc  .  b.  Tho  original  asphalt  Tail  was 
modified  bj  r^:n.  vi  a  part  cf  the  Snolby  tube,  udeing  a  tapered  section 
and  a  3  l/c  inch  cylinder  section,  at c urd  tho  Shelby  tube  wore  welded  two 
y/U  inch  high  helical  strips  with  an  outside  diameter  l/2  inch  greater  than 
tho  diameter  cf  the  drain  mado  by  tho  plcw.  Those  strips  wore  designed  to 
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scrape  the  Fran  the  »i<lo  walls  down  inv>  tho  path  >.»  1  tho  liquid 

nspnnlc  ;:hviv,  it •  was  -believed,  the  coil  would  raix  sufficiently  with  the 
aspmlt  'jufv.re  be i. n;-  proceed  back  against  the  wall 3  of  the  drain.  Details 
d.i  pm  tc£r..piis  uni  rhetfri  cn  flutes  22  and  25. 

9 •  Do acription  cf  pumps  and  Equipce nt . 

a.  ^epha It  Funp.  asi  asphalt  punp  shown  t>n  Flutes  26  and  27 
use  rue  -led  from  a  piece  cf  12  inch  diameter  pipe  held  in  a  vortical 
...  sill  a.  «  p.liutv  was  v/elded  to  the  bottom  with  a  plugged  two  inch  nipple 
in  its  center.  Two  one  inch  nipples  wore  nnlded  horizontally  on  the  side 
1  the  pips  about  ....no  inch  up  frerr*  the  bottom.  One  nipple  via s  used  for 
■.  the r.:;- motor  well  '.no  ttiw  other  was  the  asphalt  discharge  lino,  .1  flange 
was  ■.  ttach.u  ve  th.  top  of  tho  12  inch  pipe  on  to  which  a  cover  was  bolted. 

The  c-  cc  r  .had  on  air  inlet  and  a  2  inch  asphalt  inlet.  Two  copper  steam 
c  'n..  were  Ln::  "lie'  is  the  pump,  c:n  within  the  ether.  The  pump  was 
•.  :  h  anti  air  pressure  gages  • 

t.  .ispnaus  T.st  Mold.  In  order  to  observe  tho  action  of 
...pi.  .It  pump  -  r  with  she  asphalt  pump,  u  tost  mo  ld  was  made  with  the 

■a.  •  i‘  s;  r  r.  cti  ..0  _f  four  inch  pipe  ard  1  j/h  inch  pipe.  The  smaller 
1  ip  ■  s  .•.eld  ..itnin  the  larger  pipe  by  me-aiis  of  a.  reducing  coupling  at 
I  r  this  -•>-  was  welded  .a  one  inch  nipple  onto  wnioh  the  punp 
li  en  ..!*;>  v.".r  ..  cached.  A  photograph  of  apparatus  dismantled  after  a 
t  -.1  is  si.,  w.-  -  2U. 

c.  dr  ut  Funp .  ihe  grout  pump  whose  dot.- die  u.:d  pantographs 
m  r.  ...  w.  ..  fiat  os  26  ur/i  2 V  consisted  ef  a  reinforced  v-rtical  cylinder 
..-tn  ha. .a  po  rated  pres  sure -tight  cover  and  a  corn  Cuv.ped  bottom,  nir 

pressure  oo  uid  oe  fitted  through  tho  side  at  the  tup  and  up  through  the 
discharge  y  go  at  the  bottom.  Discharge  was  control  led  by  a  quick  acting 
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valve  at  the  base  of  the  machino  and  air  valves  at  the  top  and  bottom  air 
inlets. 

d.  Diaphragm  Pump.  The  diaphragm  pump  used  was  a  snail  hand 
operated  machine  manufactured  by  tho  Edson  Company,'  Inlot  and  outlet 
pipes  are  two  inches,  but  tho  cutlet  was  roduced  to  one  inch  to  fit  tho 
nipple  on  top  of  the  plow,  Photographs  of  the  pump  assembled  and  dis¬ 
assembled  are  shown  on  plate  30* 

o,  Cerent  Gun,  Tho  cement  gun  used  was  a  Model  N-l,  The 
machine  is  made  oxclusivoly  by  the  Cement  Gun  Co,  of  Allentown,  Pcnnn, 

The  materials,  normally  mixed  dry  are  introduced  into  tho  upper  chamber 
which  acts  as  an  air  lock.  From  the  upper  chamber  materials  flow  into  tho 
lower  chamber  which  is  continuously  under  prossuro.  An  air  motor  rotates 
the  feed  wheel  vfhich  'carries  tho  material  tc  the  outlet,  where  compressed 
air  flc'vinr  through  the  goose  neck  carrios  it  out  the  machine  through  tho 
hose.  In  oho  normal  use  cf  tho  comont  gun  the  water  is  added  at  the  nozzle 
resulting  in  hydration  coincident  with  deposit.  In  this  process  the  water 
content  is  controlled  visually  by  the  nozzle  operator.  Plate  shows  a 
photograph  and  die.gramatic  drawing  of  the  cement  gun. 

10.  Test  Materials. 

a.  Asphalt «  Two  types  of  asphalt  we rc  used,  one  an  asphalt 

cement  with  a  120-150  penetration  and  the  other  a  blown  asphalt  vdth  a 
20-30  penetration, 

b.  Concrete  Sand,  Sand  used  in  pcrtland  cement  and  asphalt 
nixes  was  a  standard  commercial  plaster  sand.  A  gradation  curve  is  shown 
'  ii  Plate  1/2, 

c.  pea  Stem,  The  materia]  used  with  portland  cement  in  an 
attempt  to  produce  a  porous  wall  mole  drain  was  a  pea  stone,  jA  gradation 


curve  of  this  material  is  shown  on  ■*5late  32 


d.  fort land  Cement .  Tho  cement  usod  in  tho  Portland  eemont 
mixtures  was  u  standard  high  early  strength  portland  cornont. 

o*  Air  and  Steam.  Compressed  air  with  prossuro  up  to  100 

lbs  per  squaro  inch,  and  stoam  with  pin  average  pressure  of  80  lbs  per 

i 

square  inch  were  available  in  distribution  linos  close  to  tho  tost  area. 

f.  Test  Box  Material.  Tho  material  usod  in  tho  test  box  was 
a  fine  silt  obtained  non  .Manchester,  New  Hampshire.  Tho  gradation  curvo 
is  shown  on  -^lato  32.  Tho  following  characteristics  wore  doterminod  in 
tho  laboratory: 

Modified  AASHO  density-  -107*2  p.c.f. 

Opt  aca  moisture  content-  1?*7  per  cent 
Spocific  gravity-  -  -  -  -  2.69 

Plasticity  indox-  -  --  «  5.0  per  cont 

Liquid  limit-  ------  29*1  per  cent 

Elastic  limit  ------  2iwl  per  cent 

"In  plaoo"  density-  -  -  -  97*8  p.c.f. 
nIn  placo"  water  content-  22.3  per  cent 
k  at  "in  place"  density  -  O.Jj.6  x  10"^  csy^soc 
11.  Tv.sts  tsjng  Asphalt. 

a.  Prolimimry  Tests.  Procedure.  The  20  -  30  penetration 
asphalt  cement  was  heated  and  then  poured  into  tho  annular  space  fornod 
by  placiiq-  a  tnroo  inch  paper  cylinder  vdthin  a  four  inch,  metal  cylinder. 
After  e<  cling,  the  inside  form  was  removed  and  tho  sample  cylinder  of 
asphalt  was  1c it  lying  -.n  its  side. 

Remits.  Tiithin  2l+  hours  after  stripping  inside  form  tho 
sample  had  siipp-d  cut  cl  its  original  shapo  vdthin  the  metal  cylinder. 
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b*  Teats  No.  1  and  Rt  Proooduro .  The  120  -  150  penetration 
asphalt  was  heated  with  a  steam  coil  and  introduced  into  the  asphalt  heater 
which  brought  its  temperature  'to  approximately  200° F. 

lie  suits .  Details  of  tests  are  recorded  on  Tablos  1  and  2. 

At  20G°F  the  asphalt  was  liquid  one  ugh  tc  pump  but  it  cooled  quickly  whilo 
passing  through  tho  discharge  hoso  and  the  lino  became  clogged.  In  Tost 
lie.  2  this  condition  was  remedied  by  passing  steam  through  the  discharge 
lined  prior  to  pumping  the  asphalt. 

c.  Tost  Ajfp .  3.  Procedure,  Blown  asphalt  was  pumpod  into  the 
tost  mold  as  shown  on  ^lato  23.  The 'tost  mold  was  placod  under  wator  to 
produce  the  cooling  effect  which  tic  wot  soil  would  givo  in  actual  practice. 

Results.  The  asphalt  partially  coatod  tho  inside  pipe  as 
it  flowed  to  the  open  and  of  tho  mold.  The  thickness  of  tho  asphalt  varied 
from  l/3  inch  tc  i/2  inch,  “hen  the  oufcor  pipe  was  removed  and  the  sanplo 
was  loft  standing  vertically  at  room  temperature  tho  asphalt  ran  to  the 
bottom  of  tho  meld. 

d.  Tost  ^e.  i-t.  Procedure.  The  action  of  the  blown  asphalt 
was  observed  as  it  was  pumpod  through  the  plow  with  tho  Asphalt  Tail  As¬ 
sembly  installed.  The  base  of  tho  plow  was  submerged  in  water. 

>  Results.  The  asphalt  started  to  flow  after  having  sc mo 
difficulty  in  passing,  through  tho  long  discharge  lino.  The  asphalt  was 
extruded  out  the  roar  of  the  tail  assembly  very  rapidly  and  was  accompanied 
by  bursts  o f  air.  The  asphalt  was  not  cooled  immediately  by  tho  water  and 
c. nsequently  it  rosy  tc  the  surface  * f  the  water  and  no  pipe  was  formed. 
Tfithin  the  tail  assembly  the  asphalt  ccolod  except  in  narrow  channels  where 
it  c.-  ntinueU  to  flew.'  Thi’s  cb*.  ling  'prevented  the  forming  of  a  complete 
drain  lining  by  the  asphalt.  ■  ...  :b 

e.  S’aid-Asphalt  Tests.  Procedure.  Due  to  tho  lack  of  strength 
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of  asphalt  it  was  .ucidcd  to  mix  different  percentages  of  the  blown  asphalt 
with  the  sand.  A  weight  of  aspnalt  oquaJL  to  15,  20,  25,  and  $0  per  cont 
of  the  weight  rf  sand  were  mixed  with  sand  and  four  test  cylinders  wore 
made  in  removable  forms.  After  coding  to  room  tenporature  tho  forms  wore 
strippo '  md  tho  samples  wore  laid  hcrisontally  on  a  board  for  observation. 
Tho  room  temperature  fluctuated  from  650  F  to  70°  F  during  period  of  tost. 

Result  - .  Photographs  are  shown  on  Plate  33*  None  of  the 
samples  were  capable  of  standing  without  support  of  sides  or  top.  This 
test  is  possibly  toe  critical  as  the  pipe  in  place  would  receive  support 
at  the  sides  duo  to  passive  soil  pressure. 

f.  Tost  Mo.  5.  Procedure.  A  mixturo  consisting  of  sand  and 
blown  aspnalt  equal  to  ij.0  per  cent  of  the  weight  of  the  sand  was  hoated  in 
a  re •  fora  asphalt  hunter  and  intro  dittoed  into  the  asphalt  ;ump«  Throe  blow 
torches  and  a  plumbers  furnace  were  used'  in-  addition  to  the  tw...  copper 
ceils  with  steam  t  approximately  60  lbs  per  sq.  inch  in  an  attompt  to 
heat  the  sand -asphalt  mix  tc  n.  uniform  temperature  which  wculd  onable 

it  t<  bo  pumped  thre ugh  tho  discharge  line. 

Results .  ••»hon  pumping  was  started  a  small  quantity  of  sand 
asphalt  in  a  semi -liquid  form  was  discharged  uftcr  which  the  air  pressure 
forced  out  separate  partlclos  of  sand  coated  vdth  asphalt  at  a  very  slow 
rate.  Tho  quantity  discharge  during  this  tost  was  approximately  10  por  cont 
^  f  the  total  quantity  heated  in  the  pump. 

g.  Tost  ITo.  Ij2.  Procedure.  Blown  asphalt  was  pumped  through 
the  pi  aw  as  it  was  drawn  through  the  test  box  with  the  tail  assembly. 
Alternate  .  i>,  iiistallcd. 

Results,  only  a  small  quantity  of  ths  asphalt  heated  was 
pumped  buf<ro  discharge  was  stopped  due  to  cold  asphalt  in  the  line. 
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Portions  of  the  drain  wall  were  lined  with  approxi)  tflly  l/l6  inch  as- 

Jt 

phalt.  Cavities  and  cracks  made  by  the  plow  shaft  were  filled  with 
asphalt.  The  channels  between  the  helical  strips  of  the  tail  were  filled 
with  layers  of  asphalt  and  silt  which  prevented  the  flow  of  asphalt.  The 
silt  was  in  lumps  and  lenses  throughout  the  asphalt.  Ihctographc  of  asphalt 
drain.  Test  No.  Ij2  are  shewn  on  plates  3^+  and  35* 

12,  Tests  Using  Portland  Cement  Mixture. 

a.  Gene ral*  Preliminary  tests  wore  made  to  determine  satis¬ 
factory  nixes  of  cement  and  sand;  cement,  sand,  and  sodium  bicarbonate; 
and  cement  and  pea  stone  before  pumping  teste  wore  initiated.  Prom  these 
tests  it  was  decided  to  use  a  cement -sard  ratio  of  1:2. 

b.  Grout  Pump. 

(1)  Tests  Ho.  6,  7  ana  8  were  conductod  with  tho  grout 
pump  above  tc  study  tho  operation  of  tho  pump* 

Rosults.  Details  of  all  tests  performed  arc  recorded 

on  Tables  1  ard  2. 

(2)  Tost  dp,  9,  procedure.  Tho  plow  was  sot  up  in  tho 
temporary  frame  ard  tho  tail  assembly  Alternate  No.  1  installed.  Test 
No.  9  was  made  to  observe  the  mix  as  it  was  discharged  from  the  plow. 

Results.  This  nix  was  very  liquid  and  ’would  not  stand 
up  as  a  drain  lining.  In  order  to  produce  a  mix  v.*hich  ’would  pass  through 
the  discharge  line  and  plow  as  a  somi-liquid  and  ’would  harden  immediately 
upon  being  deposited  and  form  a  pipe  in  tho  drain,  sodium  bicarbonate,  in 
a  water  solution,  was  introduced  into  the  wot  mix  just  prior  to  pumping. 

(3)  Tests  No.  10  to  15  inclusive,  procedure.  Tho  plow  was 
plucod  i.j  trio  tost  pipo  ard  Tests  No.  10  to  15  inclusive  were  conducted 
'..'Lid.  the  tail  ivito mate  No.  1* 
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Results ,  Tail  Alternate  No.  1  was  found  not  suitable 
for  the  grccodur ,  used.  The  grout  pump  forced  the  mixture  out  tho  back  of 
the  pipe  with  such  force  that  it  was  carried  back  beyond  the  tail  assembly 
before  sufficient  quantity  was  dopositod  in  front  of  tho  tail  assembly. 

Loss  air  pressure  in  the  pump  resulted  in  the  linos  becoming  ologgod. 

(4)  Tests  Ho.  16  to  23  inolusive  and  25»  Procoduro.  Tosts 
No,  16  to  23  inclusive  and  25  wore  mado  using  the  asphalt  tail  assembly  sot 
in  tho  test  pipe  (See  Plato  ^>6),  Oakum  was  forcod  into  tho  annular  space 
between  the  tail  piece  and  tho  four  inch  tost  pipe  to  provide  a  back  stop 
for  the  aggregate  at  the  start  of  the  t  sts.  As  the  test  pipo  bocamo 
filled,  Luo  plow  war.  drawn  through  the  pipe.  After  Tost  ITo.  19  the  cement 
sand  rati  '  was  changed  to  1:1  l/j. 

Ro suits.  From  on  inspection  of  tho  remarks  oolumn  on 
Tables  1  and  2,  it  cun  bo  suer,  shat  tho  control  of  tho  mix  was  oxtremoly 
difficult.  A  mix  which  gavo  satisfactory  results  in  tho  test  pipo  would 
not  bo  completely  umpod  through  tho  grout  pump  bofore  hardening  had  taken 
place  duo  to  tho  sodium  bicarbonate# 

(p)  Tost  No,  26.  Procoduro,  A  large  batch  of  tho  same 
mixture  as  used  in  Tost  He,  25  was  pumped  into  a  waste  barrel  to  learn 
control  and  observe  disbhurgo  of  a  largo  batch,  - 


mix. 


Rosults,  Satisfactory  results  wore  obtained  with  this 


(6)  Test,  ..c,  27 »  Procedure,  A  similar  batch  to  that  used 
in  Test  lie#  26  was  prepared  and  pumped  through  the  plow  as  the  plow  was 
drawn  through  t!ie  test  bo;:.  After  aoi;8  hour  curing  period  the  inspection 
plates  verc  installed  and  the  box  opened  for  inspection. 

Results,  No  difficulty  was  cxporioncod  in  pumping  duo 
fir  the  fact  that  tho  discharge  valve  was  completely  opened,  however  discharge 
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was  sc  rapid  that  a  largo  poroontago  of  tho  batch  ran  out  tho  ond  of  tho 
drain.  U^cu  inspection  it  was  found,  that  tho  sido  walls  woro  toe  thin. 

A  thick  sootier  v/us  forced  on  the  bottom  as  shown  in  tho  photographs  on 
Platos  37  tind  36-  Practically  no  material  was  forood  into  tho  top  of  tho 
hole, 

A  draw  bar  pull  of  approximately  7,000  lbs.  v/as  re¬ 
quired  to  pull  tho  pljv;  through  tho  box  of  silt  at  its  lowest  depth.  Ap¬ 
proximately  9.000  lbs  were  roquirod  to  open  and  closo  tho  box  for  inspection 
of  tho  drain. 

(7)  Tost  No,  26,  Procoduro,  An  attempt  v/as  made  to 
correct  tho  alignjent  of  the  asphalt  tail  to  produco  a  comploto  drain  soc- 
tion.  A  l/2  inch  by  2  inch  strip  of  wood  was  attached  longitudinally  to 
the  bottom  of  the  plow  tail  to  eliminate  the  thick  section  in  tho  bottom 
of  the  drain  ?nd  to  provide  an  entrance  for  the  water  into  tho  drain. 

A  nix  similar  tc  that  used  in  Tost  No,  26  was  pumped 
as  the  plow  was  a raw*.  through  the  tost  box.  Tho  winch  lino  fouled  as 
tho  plow  rouched  tho  mid-pcint  of  the  box  and  pumping  was  stopped,  Aftor 
approximately  fivo  minutes  the  plow  v/as  pulled  tho  remainder  of  tho  re¬ 
mainder  of  the  distunco  through  tho  test  box. 

Results.  Ho  conclusions  nay  be  drawn  from  this  tost 
as  the  plow  v/as  stationary  at  tho  oontur  of  tho  box  which  provided  an  in¬ 
side  support  for  approximately  fivo  minutes  during  which  time  tho  mixture 
hardened,  rh-tographs.  of. tho  tost  are  shown  on  Plato  39» 

(6)  Tost  Ho.  29»  rrocoduro .  A  third  attompt  to  pump  a 
mix  similar  to  that  usod  in  Test  No,  26  v/as  made  as  tho  plow  was  pulled 
through  tho  bcx. 

Results.  After  the  trail  it  was  found  that  a  small 
chip  of  concrete  ha-.,  blocked  passage  of  tho  batch  at  tho  top  of  tho  plow  and 
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no  mixture  was  pumped.  Teats  with  tho  grout  pump  wore  discontinued  duo 
to  difficulty  of  control. 

c.  Sc»n&"t  Gun. 

(1)  Tost  30  to  33  Inclusive.  Procedure) .  In  Tost  Ho. 

30  a  cement-sard  mixture  of  tho  proportion  lsl  1 /}  was  pumped  through  tho 
contort  gun  to  study  opo ration  of  tho  gun  and  nozzle.  Tho  mixture  was  dry 
and  water  was  added  at  the  nozzle  with  the  water  controlled  visually.  A 
similar  mix  in  Tost  Mu.  31  was  pumped  through  the  comont  gun  using  a  one 
inch  pipe  six  foot  long  as  a  discharge  nozzle.  Tho  mix  was  discharged  into 
tho  tost  pipe  to  cheek  quantity,  rate  of  discharge  and  characteristics 

of  tho  mix.  In  Tost  Ho,  32  a  1:2  mix  with  sodium  bicarbonate  added  as  a  pow¬ 
der  to  tho  dry  aggregate  was  pumped  through  the  one  inch  discharge  pipe  with 
water  controlled  at  the  aczzlo.  Test  No.  33  was  conducted  with  a  i;l  l/2 
mix  with  sodium  bicarbonate  added  dry.  Tho  mix  was  pumped  through  the 
plow  which  -was  fitted  with  tail  assembly  Alternate  Ho.  2. 

Ho  suits i  Tests  No.  30  tc  33  inclusive  wore  conducted 
to  determine  a  suitable  mix  for  nozzle  control  to  bo  used  with  tail  Alter¬ 
nate  No.  2  with  no  success.  It  was  decided  that  the  wall  point  section  cf 
the  tail  was  unnecessary  and  that  tho  roar  section  of  the  tail  assembly 
was  too  close  to  the  discharge  point  of  the  plow.  Tests  using  comont -sand 
mixtures  with  nozzle  control  of  water  were  discontinued. 

(2)  Tests  No.  3a,  33,  36  and  39.  Procedure .  Throo  tests 
were  performed  tc  determine  the  proper  water  content  to  bo  used  in  a  lsl 
comont -sand  mixture.  In  Test  No.  35  'the  tail  assembly  Alternate  No.  1 
was  attached  and  the  test  pipe  used. 

Results.  A  satisfactory  mix  cf  cement,  sand  and  water 
was  determined  ir  Test  No.  39*  It  was  decided  from  these  tests  to  design 
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and  construct  the  tail  assembly  Altorna to  No,  3  for  furoher  tests  in  the 
•cost  box, 

(3)  Tost  ^o,  Lj.0 .  Procedure,  A  similar  mix  to  that  used 

in  Test  Ho,  39  was  pumped  through  the  plow  as  it  was  drawn  through  the 
tost  box,  Tail  assembly  Alternate  No,  3  was  used  virith  the  pl^w. 

Results.  No  difficulty  was  encountered  in  the  operation 
of  this  tost.  For  a  distance  of  approximately  2  l/2  feet  at  the  end  of 
tho  trial  ran  a  complete  lining  was  made.  The  remainder  of  the  drain  eol» 
lapsed  when  water  vms  allcwod  to  pass  down  to  tho  drain  through  tho  out 
made  by  tho  plow  shaft.  This  failure  was  due  to  the  fact  that  tho  lining 
on  the  sides  ana  top  of  tho  drain  was  very  thin.  Via  11  thickness  varied 
from  1  inch  down  to  l/l6  inch  and  in  some  spots  no  lining  was  formed. 

It  is  believed  that  a  longer  tail  piece  with  less  side  slopo  and  a  smaller 
diameter  at  the  re . -  end  would  have  been  more  effective.  The  centering 
cylindrical  sleeves  of  tho  tail  device  caused  a  stone  to  be  drawn  into  tho 
drain  from  the  side  walls  &;d  resulted  in  a  holo  in  tho  lining  where  it 
had  been  moved  as  the  tail  piece  passed  by.  Photographs  t  f  the  drain  in 
place  and  after  removal  are  shown  on  Plates  JU,  35  arjd  1+0, 

(W  Test  No,  37,  Procedure .  a  1:3  l/3  dry  mixture  of 
cement  and  pea  stone  was  pumped  with  tho  water  added  at  the  neszlo. 

Results:  The  mix  segregated  with  the  first  of  the  batch 

discharged  as  a  donso  mix  with  an  excess  of  cement  and  the  last  part  was 
clean,  wot  pea  stone  with  no  cement# 

(5)  Tost  Ho.  3Q«  Procedure .  a  wet  mix  of  1:5  of  cement 
and  pea  stone  was  made  and  pumped  iut<  the  tost  pipe  for  observation  prior 
to  a  test  with  the  plow. 

Results :  This  mix  was  pumped  with  no  dif fleetly  with 

a  well  mixed  p;  re  us  mixture  as  a  result# 
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(6)  Tost  Me,  1^1.  Procedure.  The  same  proportions  of  poa 
stone  and  cement  as  used  in  Test  No.  was  pumped  through  tho  plow  as  it 
wus  drawn  thr  urn  tho  test  box.  The  tail  assembly  Alternate  No.  3  was  used. 

Results;  This  tost  was  not  successful.  The  centering 
cylinders  of  the  tail  assembly  cut  material  from  tho  side  walls  of  tho 
drain  and  mixed  it  with  the  oemont  and  poa  stone.  As  tho  tail  was  drawn 
through  this  mixture  of  silt,  cement,  ana  poa  stone,  it  forced  the  mixture 
to  the  bottom  of  the  drain  rather  than  to  distribute  it  evenly  around  tho 
sidos  of  the  drain.  The  mix  left  in  tho  bottom  of  tho  drain  had  practically 
no  bond  duo  to  tho  addition  of  the  silt.  A  photograph  cf  the  drain  in  place 
in  the  test  box  partially  excavated  is  shown  on  Plate  35* 
d.  Sdson  Diaphragm  Pump. 

(1)  Test  No.  2 U*  Procedure.  A  1:1  mix  of  cement  and  aand 
was  made  and  an  attempt  was  made  to  pump  it  through  tho  £dson  disphrugm 
hand,  pump.  Tho  mix  was  mado  extra  w'et  to  facilitate  pumping. 

Results :  The  wator,  cement,  and  sand  segregated  in  tho 
pump.  The  wator  and  cement  passed  through  the  discharge  line  and  the  sand 
filled  the  pump  be  ch  bolew  and  rib'  vo  the  diaphragm,  pumping  of  a  gn  ut  con¬ 
taining  as  much  as  50  pur  cent  sand  was  found  to  be  impossible. 

IT  I  INVESTIGATION  OF  OTHaR  METHODS 
13.  Plastic  Tubing 

a.  Go  no  ml .  One  proposed  method  for  strengthening  the  walls  of 
tho  irk  lo  drain  is  the  uso  of  a  per  ft  rated  flexible  plastic  tubing.  Letters 
Were  sent  to  manufacturers  ef  plastics  and  extruders  of  plastic  tubing  re¬ 
quest  ii!g  inf  nnatieu  on  any  suitable  porous  or  non-pc ro us  plastic  tubing 
about  three  inches  outside  diameter  with  sufficient  flexibility  to  pass 
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around  a  90°  bond  with  a  radius  of  approximately  two  foot  without  kinking 
or  breaking.  Btirtber  study  indicatod  that  two  inch  diameter  tube  would 
have  sufficient  capacity  to  provide  adaquato  subsurfaco  drainago  in  tho 
typo  soils  boing  considered.  Two  products,  "Tulox”  manufactured  by  Ex¬ 
truded  Plastics  Incorporated,  Norwalk,  Conn.,  and  Ptolyethylono  by  the  Carter 
Products  Corporation,  Cleveland,  Ohio,  appeared  promising  in  regard  to  cost. 
The’Tulcx  tubing  was  approximate ly  ®0.1|0  per  foot  including  tho  drilling 
and  perforated.  Polythyaone  tubing  was  approximately  ^0.30  per  foot.  Tho 
Tulox  tubing,  however,  docs  not  have  the  required  flexibility  to  be  plaoed 
by  a  cable  Laying  machine,  but  being  very  light  weight,  and  suppliod  in 
20  feet  lo  lgths  wi  ch  are  eas' ly  coupled,  it  can  be  economically  placed 
by  tho  cc  --Ventional  open  tronch  method* 

b.  Properties  of  Polyethylene.  Ployothylouo  tubing  is  suffi¬ 
ciently  flexible  to  bo  ocilod  on  reols  having  a  diameter  <  f  1;  feet,  as 
shewn  on  Plate  itf.,  nid  can  thus  be  placed  by  a  eablo  laying  machine.  As  it 
is  a  relatively  new  product,  I  its  expootod  life  cat.  not  bo  determined  from 
actual  experience,  however,  as  shown  in  tho  tabic  of  properties  supplied 
by  tho  manufacture r,  its  resist 'me  to  acids  and  alkalies  indicates  that 
tho  material  should  have  at  uxcopti.  na  1  ly  long  life  when  usod  as  a  drain 
pipe.  Properties  of  Polyethylene  are  shown  on  Tables  3  and  h* 

To  supplement  tho  table  of  properties,  two  tests  were  por- 
fc  mod  in  txu  l.vbo ratory  or.  samples  of  Polyethylene  tubing.  One  test 
v/as  conducted  to  determine  the  brittleness  of  tho  tuKii<;  ,<t  very  lew 
temperatures.  One  inch  lengths  of  the  tubing  wore  ceded  to  -10°C.  On 
one  length  a  10  uand .weight  wus  dropped  fra  a  distance  of  13  inches, 
mu  e*»  a. no tner  length  a  30  pound  weight  was  dn  pped  from  i>^  feet.  In  both 
oases  tho  tube  showed  no  ut  parent  dan-age.  Th.  ether  tost  was  conducted  to 
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determine  thu  do  formation  and  rebound  of  the  tubing  undor  altornato  loading 
and  releasing  of  th ;  load.  rlatc  4 2  shows  the  tost  apparatus,  n  load  was 
'applied  uiid  allowed  to  remain  until  there  was  no  change  on  the  do  flection 
dial,  Thu  deformation  was  recorded  and  then  the  load  was  released  and  the 
redound  was  recorded.  In  thu  saine  manner,  increased  leads  wore  applied  arid 
released  with  the  deformation  and  rebound  being  rocordcd  for  each  loading. 
Curves  of  load  versus  deflection  for  tw»  samples  are  given  on  Plato  <U3 • 

In  addition  to  the  above  tests,  an  accelerated  leaching  tost 
is  bei -V  conducted  at  the  present  time.  The  apparatus  was  made  as  shown  on 
Plato  Lpn.  One  four  inch  sample  of  Polyethylsno  tubing  was  placed  in  oach 
section  and  four  samples  of  corrugated  metal;  one  each  of  plain  galvanised, 
plain  galvanized  a;  halt  coated,  single  bended  asphalt  coated,  and  double 
bonded  asphalt  coated;  wore  placed  in  each  large-  section.  Three  leaching 
solutions,  hydrocalc- ric  acid,  sulphuric  acid,  and  sodium  hydroxide  aro 
being  used.  A  5  per  cent  solution  of  oach  is  used  in  the  three  small 
sections  and  a  Ip  per  cent  solution  of  oach  in  the  throe  large  suctions. 

The  sard  is  kept  covered  by  adding  leaching  solution  as  required.  The 
samples  will  be  removed  at  monthly  intervals  and  examined  for  any  visiblo 
signs  if  failure  as  well  as  loss  of  weight.  The  results  of  this  tost  will 
bo  included  in  the  report  "Hole  Drainago  Investigation,  19^7 -19^8 •” 

c.  Design  -Data.  Three  possible  conditions  wo  re  studied  by 
flew  nets  to  determine  the  maximum  theoretical  inflow  into  the  drain.  It 
was  first  ascs.-od  that  the  drains  wore  J-§-  feet  deop,  spaced  at  15  feet 
C.C.  uu.  tnu  width  of  trench  was  3a  inches.  It  was  also  assumed  that, 
since  the  trench  was  very  narrow  in  relation  to  the  drain  spacing  and  sinco 
the  rati:  of  the  coefficients  of  permeability  of  the  sand  backfill  to  the 
subgr  .de  )  would  usually  be  largo  for  the  cubgrado  soils  in  which  this 
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this  dr... in  is  to  bo  placed,  no  appreciably  error  v;..uld  result  by  computing 
the  inflows  from  the  subgrade  and  the  sand  backfill  as  separate  quantities 
and  using:  their  sum  as  the  total  inflow.  The  conditions  considered  we  re  t 

( 1 )  Ground  water  with  u.  hydrostatic  head  at  one  foot  below 
the  .round  surface  and  no  infiltration  from  the  surface. 

(2)  Infiltration  from  a  shoot  of  wator  maintained  on  the 
surface  by  rainfall  and  no  ground  water  table. 

(3)  Ground  water  with  a  hydrostatic  head  at  the  ground 
surface  and  infiltration  from  ashect  of  water  maintained  on  the  surface  by 


rainfall. 


Frem  a  study  of  the  flow  nets,  it  was  determined  that  condi¬ 
tion  (3)  will  pi vo  the  maximum  theoretical  inflow  into  the  drain.  The  flow 
not  f_r  this  condition  is  shown  on  Plato  1*5  as  well  as  curves  of  the  co¬ 
efficients  of  permeability  (  kj_  and  kg)  versus  the  thoorotical  inflows  per 
linear  foot  (q^,  and  qg).  The  inflow  from  the  subgrado,  q^,  is  computed 
from  the  flow  riot  f  rnula,  =  k-jh  ~  where  "h”  is  assumed  3^  foot  and 


the  ratio  of  number  of  flew  paths  (n^)  to  the  number  of  oquipotential 
drops  (nw)  from  th«.  flow  not  is  two.  The-  inflow  from  the  sand  backfill  is 
computed  from  Darcy’s  formula,  qg  s  kgia  where  "i"  is  unity  for  vortical 
flew  are1  ”an  is  the  cress  sectional  area  of  the  trench  normal  to  the  di¬ 


rection  of  flow. 

The  curve  of  maximum  length  versus  total  theoretical  inflow 


per  linear  f.  it  shown  on  Plate  1*5  was  computed  from  the  formula  L 


<3->  *•  qc 


who  re  "Q"  is  the  capacity  of  the  pipe  flowing  full  and  was  derived  from 
Manning's  formula  for  two  inch  1,D.  tubing  i-n  slopes  of  O.OOp,  0.010,  and 
0.015  using  a  value  of  n  »  0.012. 


To  determii.e  if  tvo  inch  I .  D.  tubing  v/ould  have  sufficient 


capacity  to  provide;  adequate  subsurfaco  drainago  in  the  typo  soils  being 
considered,  the  coefficient  of  permeability  of  tho  subgrade  (k^)  was  as¬ 
sumed  to  be  0,1  x  10“^  cm./soc,  and  that  of  the  sand  backfill  (kg)  to  bo 
100  x  lO”^  cn./soc.  From  Plato  U5»  the  length  of  drain  at  which  oapacity 
flow  would  occur,  was  found  to  bo  260  foot  on  a  0*5  per  cent  slope  or  $60 
fvet  cn  a  1.0  per  cent  slopo.  Sineo  the  assumptions  of  pomoability  and 
inflow  aro  fc'r  tho  most  severe  conditions  under  which  this  typo  of  drain 
would  bo  utilized,  a  much  longer  length  of  drain  could  normally  bo  used 
which  would  possibly  result  in  a  slight  amount  of  surface  ponding. 

d.  Placing.  It  is  proposed  to  place  perforated  Polyethylene 
tubing  by  feeding  it  from  a  reel  down  the  vertical  blade  and  out  tho  roar 
of  a  cable  laying  machine  as  doscribod  in  Section  Uc.  In  this  manner  the 
trench  will  be  dug  am  the  tubing  laid  in  one  continuous  operation.  A 
truck  equipped  with  a  hoppur  will  follow  tho  cable  laying  machine  and 
backfill  the  trench  with  sard.  In  turf  areas  or  swales  whoro  encroachment 
of  the  turf  may  seal  the  top  of  the  drain,  it  may  bo  desirable  to  widen  the 
top  of  the  drain  trench  and  place  a  layer  of  bituminous  primed  crushed 
stone  as  in  Typo  A,  Plate  I46.  Typos  B  and  C,  Plate  I46,  arc  proposed  for 
uso  in  draining  subgrados  under  stabilized  turf  surfaces  e'r  pavod  runways. 

Tentative  arrangements  have  boon  made  to  secure  the  uso  of 
a  Cl+6  plov:  (See  Section  Uc )  for  a  short  period  in  either  the  fall  of  19^7 
or  spring  of  l^LO  so  that  tost  drains  may  bo  installed.  Throe  Sites  will 
bo  selected  preferably  in  airfield  shoulders  where  soggy  or  wot  surface 
conditions  exist  and  the  effectiveness  of  this  typo  of  drainage  can  bo  ob¬ 
served.  Observation  wells  will  also  be  put  in  so  that  the  effect  of  tho 
drains  or.  the  ground  water  table  may  be  recorded.  Results  of  these  tests 
will  be  included  in  the  report  "llolv  Drainage  Investigation,  19U7*19^8M • 
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i^ossiblc  Uses 


(1)  To  drain  turf  aroas  at  oxisting  airfields  where  sur¬ 


face  pending  occurs. 


ways  , 


(2)  In  place  of  field  drains  in  turfed  areas  between  run¬ 


(3)  To  prevent  surface  pending  in  shallow  turf  swales 


parallel  to  runways. 


areas. 


<U)  To  provide  subgradc  and  base  drainage  of  large  apron 


(5)  To  drain  and  stabilize  subgrades  both  as  an  aid  to 
c  nstructic.i  and  as  piraano.it  drainage, 

(6y-  To  drain  the  runways  of  an  all  turf  field, 
f,  nccononic  Co ns id orations,  although  the  investigation  of  tho 
use  ^f  plastic  tubing,  fer -drainage  deviates  l'ron  tho  original  scope  of  this 
report,  it  is  S'-  closely  related  that  it  was  considered  advisable  to  include 
it  in  tile  rtp.  ra  e_  provide  n  premising  alternative  to  nclc  drainage.  It 
is  occ*  s»  nically  .fe.-.siblv  v.s  shown  in  thv  following  table  of  estimated 
C'-sts  >  f  v  ricus  typo  drains  and  ef  a  drain  made  by  laying  perforated 
flexible  tubist.  by  means  ■  f  a  coble  luyi:.g  machine.  The  cost  cf  tho 
plastic  dr-in  is  based  ia  presont  costs  «f  labor  and  rental  of  construction 
equipment,  r  r..  tho  fallowing  table  it  can  be  seen  tha*r  the  cost  of 
pi-. 3 tic  ir.irss  is  leS3  t;ian  y0  par  cent  cf  the  cost  cf  any  of  tho  other 
tjfy  dr x  .s  ,  4 
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COrii^JLtTIYL  COST  ESTIiUTS 


Type  ef 

Cost  per  foe-t  of  drain 

in  dollars 

drain 

Material 

Placing 

Trenching  & 
Backfill 

Filter 
Mato  rial 

~al 

U"  Fam  tile 

.11 

.09 

.60 

.20 

1.00 

1*"  Fell  and  Spigot 
Y.C.  pipe,  open 
joints. 

.22 

.12 

.60 

.20 

l.lii 

U",  ierfcratoa  V.C. 
pipe,  closed 
joints. 

.52 

.111 

.60 

.20 

1.26 

1*"  Skip  drain 

.28 

.12 

.60 

.20 

1.20 

6*  Plain  concrete 
~  ipo,  :  pen.  joili 

s  .38 

.12 

.60 

.20 

1.30 

6"  *drf.  C  r.  ILtal 
pi.A!. 

.58 

.07 

.60 

.20 

1.1*5 

i;"  Orar-^>burs  pipe. 

i  ‘yTSvCd 

.30 

.07 

.60 

.20 

1.17 

2"  il  istic  tufci.* 

•>e 

.05 

.07 

0.142 

lh.  Fusion. 

Inquiry  was 

alsc  nado 

as  to  the  po 

ssibility  of 

strength©: 

inr  the  vails  ;r.  1-  c  rains  by  fusi lie  the  soil  with  a  high  tonperature 
flu re .  a.  lvtt.r  7?!is  s<-:3t  to  tin-  Li. Tie  Air  Products  Company,  developers  of 
Fusic ..  wicreir*;,  requesting  their  conaents  >;a  this  subject  and  they  re¬ 
plied,  thi.il:  v.e  auVv  nothing  to  oi  f«r  us  jvur  letter  stated  that  the 
rr - u;»d  tr-.uld  Lo  usueully  saturated  with  rater.  Further  technical  obstacles 

vault  b-  tru: _ mnu3,  ..-i tli  the  hole  wall  weak  rather  than  strong  if  a  thin 

1‘uCwd  *.  . - i  -A. r_  p.ssiblo  and  practical". 

It  i_-  b-liev-  t  that  the  J^sat  would  cause  3laki«,*  of  the  walls 
...  .  t  shnsJcipe  el  the  soil  and  to  expansion  caused  by  fematien  of 

steict  hvhiad  tivs  fusee  inner  surface  «  f  the  raole  hole. 


I'.  SIM1ARY  OF  RESULTS  OP  INVESTIGATIONS 


15*  Tests  using  Asphalt  Mixtures, 

a.  ji  sard  asphalt  that  has  the  necessary  fluidity  to  pump 
whe r.  heated  requires  a  quantity  of  asphalt  which  overfills  the  voids  of 
thv.  sand  and  results  in  segregation  of  the  sand  and  asphalt  when  the  mix¬ 
ture  is  heated  and  remains  stationary. 

b.  Sand  asphalt  pipe,  containing  low  penetration  asphalt  in  a 
sufficient  quantity  to  allow  pumping,  collapses  at  room  temperatures  when 
not  supported  laterally. 

c.  An  intitftte  mixture  of  the  wot  silt  and  the  asphalt  could 
r.-.u  be  obtuiJicd  as  thu-  asphalt  would  not  penetrate  the  silt  and  mixing  re¬ 
sulted  in  lumps  of. silt  ia  an  asphalt  snattrix. 

d.  Field  equipment  to  pump  low  penetration  asphalt  should  in¬ 
clude  a  method  -  f  circulating;  asphalt  through  steam  jacketed  pump  and 

16.  Tosts  using  x-ortland  Cement  Mixtures. 

a.  Pressure  groutir*-  does  not  permit  use  of  a  sufficiently 
stiff  pcrti.-.~e  c-m-mu  mix  for  construction  of  a  drain  that  will  stand  un¬ 
supported  for  -  c».  ..si durable  period  of  time  after  being  extruded  out  the 
rear  .  f  plow  unless  admixtures  arc  used  to  procuce  quick  setting  qualities. 

b.  The  control  of  setting  tirx>  cf  sand  port  land  cement  mixtures 
by  tho  use  *.t  calcium  chlerido  or  bicarbonate  of  soda  uC.'i.xturas  requires 

v.  de.-r — -•  ••  f  _rocisi>  n  in  batch  preparation  that  would  be  difficult  to  attain 
i:.  tho  fi«.ld. 

c.  Sand  p-  rtluud  cement  mixtures  of  the  propor  consistency  for 
©  nstrucii.  n  .  f  drain  linin'  can  be  pumped  by  use  of  cement  gun, 
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d.  Unify ra  flow  of  sand  pcrtland  eminent  mixtures  by  use  of 
either  pressure  grouti  ng  or  ccmo  nt  (jun  nothods  is  difficult  to  maintain. 

o.  The  spued  uf  prime  mover  and  pumping  rato  must  be  synchron¬ 
ized. 

17.  Perforated  Plastic  Tubing. 

a.  The  use  of  perforated  plastic  tubir-g  placed  by  a  cable  laying 
•3 lev/  shows  premise  of  being  a  practical  and  economical  method  of  strengthen¬ 
ing  the  v/ulls  of  a  mole  drain. 

18.  Fusion. 

a.  The  use  of  a  high  temperature  flame  to  strengthen  the  walls 
of  a  i'k  le  drain  by  fusion  is  net  considered  feasible. 

V  •  CONCLUSIONS 

Based  upon  the  results  of  this  investigation  and  laboratoiy  tests 
the  fellow  in,  conclusions  are  presented: 

a.  Iz  is  believed  that  some  typo  of  mole  drainage  can  bo 
adapted  as  an  economical  aril  feasible  method  of  draining  airfiold  sub- 
r.  rado  s  and  sh  c  uide  rs . 

b.  The  use  of  aspnalt,  and  asphalt-sand  mixtuies  for  a 
strengthen! 2 V  liner  of  the  walls  uf  a  mole  drain  is  not  practical.  A s  a 
mixture  possessing  the  minimum  stability  roqui roments  can  not  bo  mado 
sufficiently  fluid  by  heating  to  allow  pumping  by  pressure  methods. 

o.  Field  installation  cf  a  strengthening  liner  of  pcrtland 
c  Mui't  mixtures  in  the  walls  of  a  mole  drain  by  use  of  either  pressure 
gr  eti.:.  <  r  cw.nut  gun  is  boliev-d  impractical  duo  t"  the  difficulty 
i:i  c  uLr;  ili  .  scuin'  time  or  maintaining  uniform  flow  and  tho  uncertainty 
of  ebtui  .i i\  *.*.  continuous  drain. 
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d.  Direct  •worm  food  which  could  be  synchronized  with  plowing 
spued  is  believed  to  be  a  possible  method  of  cxtrud  ig  a  portland  cement 
mixture  for  a  strengthening  liner  of  a  mole  drain  to  insure  e.  continuous 
drain, 

o,  Tho  placement  of  a  perforated  plastic  tubing  by  a  cable 
laying  machine  appears  to  bo  tho  most  promising  and  economical  method  of 
strengthening  tho  -walls  of  a  mole  drain. 

vi  PECc;.'irshDiCioNS 

From  tho  results  of  tho  laboratory  investigation  and  from  review  of 
available  literature,  the  following  recommendations  are  submitted? 

a.  Further  experimontati  on  with  asphalt  and  portland  cement  bo 
discontinued  unless  a  more  practical  and  positive  method  of  placing  can 

bo  devised  fit  a  data  obtained  from  Eurppcan  sources. 

b.  Theoretical  study  bo  continued  on  the  design  and  spacing  of 
field  drains. 

c.  nxpe  rime  at  a  1  field  inr^^l  latio.n  of  perforated  polyethylene 
tubinp  tc  dote  mire  its  effectiveness  and  tho  feasibility  of  the  method 
of  placing. 

d.  Further  in*,  .-stigution  bo  made  of  the  Hans  Sack  method  and 
'••the  r  methods  of  drawing  prefabricated  liters  into  the 
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mole  hole. 
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MOLE  DRAINAGE  INVESTIGATION 


TABLE  3. 

properties  6f  polyethylene . 


Specific  Gravity 

Specific  Volume,  Cubic  Inch  per  Lb. 

Refractive  Index,  NL 

Tensile  Strength,  lbs,  per  sq.  inch 

Elongation,  percent 

Modulus  of  Elasticity 
lbs«  per  sq,  inch  x  lfl§> 

Flexural  Strength,  lbs,  per  sq.  inch. 

Impact  Strength,  Ft.  lbs.  per  in.  of  notch 
x  in.  notched  bar,  Isod  test 

Hardness,  Rockwell 

-4 

Thermal  Conductivity,  10  ’cal,  per  sec. 
par  sq.  em/l  C°per  am. 

Specific  Heat,  cal,  per  cC  per  gram 
Thermal  Expansion,  lO^per  °C. 

Resistance  to  Heat,  °F, (Continuous } 

Distortion  under  heat,  °F. 

Volume  Resistivity,  ohm-cms. 

(5Qf/o  relative  humidity  and  25°C) 


Dielectric 

Strength  short-time 

volts  per  r 

nil,  l/S  in,  thickness 

Die iectrlc 

Strength  step-by-step 

volts  per  r. 

nil.  l/8  in  thickness 

mm 

Dielectric 

Constant,  10" cycles 

Dielectric 

C  cu  c  t  an  t ,  1 0  ye- 1  e  s 

0,92-0.93 

30.1 

1,52 

1600-3000 

50-600 

Q,i§'-,  (tier.;  toaX 
0.13  (flexure-). 

1500-1700 


3 

R-25  R-27 


6.0-8. 0 

0.53 

18 

212  _ 

122(65  psi) 

10*5 


600-700 


45.9-COQ 

2.25- 2.3 

2.25- 2,3 

2.25- 2.3 


TABLE  3 


TABLE  4 


(Cont'd.) 


PROPERTIES  OF  POLYETHYLENE . 


Power  Factor,  60  Cycles 

0.0003 

Power  Factor,  lO^Cycles 

0.0003 

Power  Factor,  lO^Cvoles 

0.0003 

Hater  Absorption,  24  hrs.,  l/8-in. 
thickness,  % 

0.01 

Burning  Rate 

SLOW 

Effect  of  Sunlight 

SLIGHT 

Effect  of  Weak  Acids 

NONE 

Effect  of  Strong  Acids 

NONE 

Effect  of  Weak  Alkalies 

NONE 

Effect  of  Strong  Alkalies 

NONE 

Effect,  of  Orgasla.  .Snlvenf.s 

NONE 

.  BMLJ5fl£c _ 

Effect  an  Metal  T nserts 
Machining  Qualities 
Clr.rity 

Color  P o 3 s ; biliti'js 


INERT _ 

GOOD _ 

TRANSLUCENT  TO  OPAQUE 
UNLIMITED 


TABLE  1; 


PLATE  I. 


CABLE  RELEASED 


SELF  hELEASWG  ACTION  OF  THE  CABLE 

IN  THE 

POPPELSOORF  ORA?NASE  SYSTEM 


TOP  VIEW  OF  CABLE  LAYING  DEVICE  LYING  ON  ITS  SIDE 


FRONT  VIEW  OF  CABLE  LAYING  DEVICE  LYING  ON  ITS  SIDE 


CABLE  LAYING  DEVICE  DEVELOPED  BY  WOOD  ELECTRICAL 
CONSTRUCTION  COMPANY  WHILE  ON  A  CONTRACT  FORTHE 
LOUISVILLE  DISTRICT,  CORPS  OF  ENGINEERS, WAR  DEPARTMENT 


PLATE  6. 


SIDE  VIEW  OF  CABLE  LAYING  DEVICE  TURNED  UPSIDE  DOWN 


REARVIEW  OF  CABLE  LAYING  DEVICE  TURNED  UPSIDE  DOWN 


CARLE  LAYING  DEVICE  DEVELOPED  AY  WALL  L  ,,  v. 

^ONbTRUv_TlON  COMPANY  WHILE  ON  A  CONTRACT  POP  T-F 
OJibVIl  LF.  DISTRICT,  uORI-u  OF  ENOINtF  A .•  .  '•  V-.  .  :  •  -C  V-  ' 


PLATE  7. 


R.fht  St  ie  pU?e 

Cut  3*« 


CABLE  LAYING  PLOW  C-48 
AMERICAN  TELEPHONE  8k  TELEGRAPH  COMPANY 


REAR  VIEW 

CABLE  LAYING  PLOW  t-60* 
AMERICAN  TELEPHONE  &  TELEGRAPH  COMPANY 


PLATE  II. 


/  Kotbtr  hi 

bt  Jween 


1  two  bs/ves/ 


dLAT£.  I» 


I 


Top  View  of  Test  Box  Plow  on  Channel  Tracks  at  start  of  Test 


Deflection  o'  3  :cr,.>>jr 
in  Dynamefc:  fosn  of  to 
bt- 1  "per  /ooo/bs  /odd 
buca/tbrafjc.-- 


>/J.  F  L>R£  NAGE’'^  '-E5TIGATICn1 
I  ^4  0-19.4  7  ! 


dynamometer 
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PLATE  19 


rL  ATf  20 


2#'. 


WAR  DEPARTMENT 


I 


*1-*  St 
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Plow  and  Asphalt  Tall  Assembly 


plow  with  asphalt  Tall  Assembly  Attached 


PLATE  23 


Plow  with  Tall  Aastftibly  Alternata  No.  I  Attached 


Plow  and  Tall  Aasaably  Altamata  No.  2 


PLATE  'd  4 


PLATE  26 


Removable 


'*>  Pre- heaFed  Asphalt  into  he 
y'  <  \A>r  jaoplu. 

1VK  Y  ^ 


(  Discharge. 


i  Copper  iobe 

fSfeam 

supply- 


Gate  values. 


.Asphatr  Discharge. 


Plumber  6 


W&tE  DRAINAGE  INVESTIGATION 
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mole  drainage  ihvzst 

1946-1*47 

5CHF.MATIC  DIAGRAM 

GROUT  PUMP 

NfcW  ENGLAND  DIVISION 
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PLATE  32 


PLATE  J4 


i 


a 


Concrete  Drain  after  Excavat I  on.  Test  No.  Asphalt  Drain  after  Excavation.  Test 


Partially  Uncovered  Drain*  In  PI  act.  Laft  -  Tast 
No.  £J..  Right  -  Tast  No.  ±2 


V i aw  looking  through  Concrete  Drain  after  re**ova! 
Test  Pox  Test  no. 


Pt*TE  35 


Plow  with  Asphalt  Tall,  being  moved  through  Slotted 

Vast  Pipe 


Section  of  Drain  Made  in  Test  Pipe.  Test  No.  2b 
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Close-up  or  Incomplete  Drain, Test  No.  27 


Segments  of  Drain  after  Removal  from  Test 
Pox.  Test  No.  27 


PLATE  37 


Oblique  view  of  Center  of  Test  Box  after  Test  No.  27 
with  Box  opened  for  inspection 


Close-up  cf  incomplete  Drain, Test  No.  27 


PLATE  3® 


Left  side  of  Concrete  Drain  after  Removal  from  Test 
Box.  Test  No. 


Right  side  of  Concrete  Drain  after  Removal  from  1 es 
Box.  Test  No. 


4  Foot  Diameter  Coil 


of  Polyethylene  Tubing 


PLATE  41 


i 


Samples  of  Plastic  Tubing  undergoing  Test  of 
Loading  v*.  Deformation 


PLATE  42 
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